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e The ATLAS Forward Detectors

* The ATLAS program of pp cross section measurements @ 7 TeV
* Inelastic cross section
* Total and elastic cross section (using proton tag)
 Differential inelastic cross section (using rapidity gaps) \

* |nelastic cross section measurement at 13 TeV

* Transverse energy flow in the forward direction

* Future perspectives
e ATLAS Forward Physics (AFP)
* Total cross section at higher energy (and lower |t|)
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The ATLAS Forward Detectors
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Scaled flux E*° J(E) (m=s'srieV'?)

Where is LHC compared to cosmic rays ?

Equivalent c.m. energy \s, (GeV) ]
10% ' T 1 10"
101'3
élllllf |T 1 ||||||| 1 I III*III T I 1 ||||||| I I |||||||
B RHIC (p-p) Tevatron (p-pl | 7 TeV 14 TeV
1|:|1=E| - HERA [y-p) LHC (p-p) * HiRes-MIA
= & HiRes |
— a HiRes |l
BT » Auger 2009
pat] i Knee
. i
os. Probing energy
- Region at the knee
- Ankle
10" LHC
= o MEa
E & aTc e KASCADE (QGSJET 01) "“‘&E‘%
L & PROTON m  KASGADE (SIBYLL 2.1)
104 ¢ AUNJOB *  KASCADE-Grands 2008 .
- *  Tibet AS(SIBYLLZ.1)
1013 p i |I.||J| 1| I.I.1|||| || JIII.I.IJ | b i 4 i I.I.I.||J| (1 N JJII.I.||. |1 IIIHIJ L0l ‘
10" o' 10" 1" 107 10'® 10" 0™
Energy  (eV/particle)

September 14th 2015

B. Giacobbe, INFN Bologna, Italy

104!

CR energies determined through
hadronic MC simulation of shower
development

Shower development dominated
by forward, soft QCD interactions

Input from Forward Physics
measurements at LHC
is very valuable



ATLAS program on pp Cross section measurements

j E B

* measure the totaI pp cross section (not caIcuIabIe within QCD) input for cosmic-rays

 determine the different contributions to the total cross section

* Complete picture only if one measure o, 6, 0,,; together with diffractive contribution

Provide good understanding of the soft-processes
* Help tuning Monte Carlo generators with hard+soft processes input for cosmic-rays
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Measurement of the inelastic cross section @ 7 TeV

* Direct measurement of o, of interest for modelling high-energy cosmic ray showers

* Measured in fiducial region §&=M 2/s > 5 x 10 (MBTS trigger) and extrapolated to full
kinematic range

. Fractlon of dlffractlve to- |nelast|c events (f,) also determined (single-side veto) => MC tune
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ATLAS measurement of o,,, @ 7 TeV

|t]| larger than Coulomb-Nuclear down to the Coulomb-Nuclear

interference region (ATLAS: 0.01<|t|<0.1 . : o3
GeV2): Optical Theorem interference region (|t| ~ 103)

(see future perspectives)
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Nucl. Phys B 889 (2014) 486
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The ALFA subdetector in ATLAS LA Rorman-Pote located 240

m from IP
A-side C-side  Scintillating-fibers detectors
D2 Q5 ALFA * Approach 5 mm to beam
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Principle of the measurement

* Measure t-spectrum (do,/dt) from the track positions in ALFA
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» Back-to-back topology selected (elastic signature)
* Anti-elastic signature for background subtraction h
* Pythia8 elastic generator and beam-transport + unfold]
e Efficiency with data-driven approach o
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Total cross section result

L A A T T » Fitin0.01<-t<0.1 GeV?including CNI term
Q A ] . - .
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Nucl. Phys B 889 (2014) 486
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Picture of the ATLAS pp cross section measurements
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Discussion about cross section measurements

e ATLAS performed a wide range of pp cross section measurements @ 7 TeV

* Two independent measurements of o, with different techiques and data
samples and kinematic ranges

* Comparing them o, (§=M,%/s <5 x 10°i.e. M. < 15.7 GeV) = 11.0£2.3 mb is larger than
predicted by PYTHIA and PHOJET
e Comparison with TOTEM:

* 0, agreement within 1.30
* 0, agreement within 1.10

* Including data at lower (pp collider) and higher (cosmic rays) energies:

e ATLAS measurement is 20 below the fit with In?(s) dependence (COMPETE)
» perfect agreement with models predicting slower energy dependence
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Differential inelastic cross section measurement using Rapidity
Gaps (I)

* Rapidity gaps useful tool for ND-to-Diffractive separation

* Inner Detector (tracks with pT>200 MeV, |n|<2.5) & Calorimeters (energy
deposits above noise threshold, 2.5 <|n|<4.9) used for rapidity gap definition

 Rapidity-gap in n-rings of size Anf
* 0<Anf<8 @) 10°<§<10? == 7 GeV <M, <700 GeV

* ND events have An" ~0 0<AnF <8
e Test hadronization fluctuations description in MC’s N ™
leading to AnF >0 -
 Diffractive events populate large Anf bins Single Diffractive Topology
e All MC’s predicts do/dAnf ~ const at large Anf

Eur. Phys J. C (2012) 72:1926
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Differential inelastic cross section measurement using Rapidity
Gaps (Il)
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Total inelastic cross section measurement using Rapidity Gaps

TOTEM measurement — 1 LA I I IIIIIII I I IIIIIII I LILLLILILA I LILLLALLA
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(see slide 13) ad
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First LHC measurement with new data (summer 2015) at 13 TeV : L=6316 b

Measured in fiducial region §&=M ?/s > 10° (M >13 GeV); extrapolated to full kinematic range

Determined fraction of diffractive-to-inelastic events f, € [25-32]% => MC tune

0, (§6>10°) =65.2+0.8£5.9mb
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Transverse energy as a function of pseudorapidity

* Measurement of sum of transverse energy Z(E;) as a function of n (|n |< 4.8)
 Full ATLAS acceptance, including forward region (calorimeters)

* Aim: tune phenomenological models used by MC to describe non-perturbative
QCD processes
* Inclusive pp interactions (minimum-bias trigger)

* «underlying event»: soft-interactions (accompanying hard-process) due to partons not
involved in the hard-scattering (di-jet trigger, ensure that a hard-process occurred)

* Comparison with MC generators including EPOS primarly used to simulate
cosmic showers

* Low luminosity data-samples used to minimize multiple proton-proton
interactions (pile-up)

JHEP 11 (2012) 033
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Transverse energy density

* Mean transverse energy per unit (n,)

* Minbias: include particles at any ¢
* Di-jet: only particles in azimuthal region transverse to leading-jet (exclude hard-proces
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Total transverse energy
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* In both samples, all MC overestimate (underestimate) the distribution at low
(high) transverse energy

e Overall: EPOS best describes minimum-bias data, but not di-jet sample
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Future perspectives: ATLAS Forward Proton Detector (AFP)

* Horizontal Roman Pots located at 210 oo | [rossmnew couaos
meters from ATLAS IP (2 stations in each ATLAS ot ron
side) o o Jf I ]k, .

. . . . . i ™ [T [ BeEEa B I M 5 1§ A M
* Aimed to a wide program in diffractive { il Fggﬂiﬁt: —f e
physics w = o o M T S 1| S | O
-7 /
 Complemetary to ALFA in terms of _ise® /
acceptance i ,"

* Foreseen low-luminosity program, but TR S TR e |
high-luminosity possible (both low and ’( e e ) 0 e
high B*) i TR e e %

* Approved in June 2015 by ATLAS & LHC

° |nsta||ation5: Horizontal RP ATLAS Horizontal RP

212

e 1-st arm in 2015-16 winter shutdown

AFP  AFP

204 .
beam line

e 2-nd arm in 2016-17 winter shutdown

CERN-LHCC-2015-009 ; ATLAS-TDR-024
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The physics case: single-proton tag (single arm)

* Soft and hard single-diffraction
* Interest for cosmic rays community

* Double-arm (double-diffraction):

/

see backup slides| p

—L = __p'E&.®

£\ disappears
\.“”% down the

ssHeam pipe

* LHC conditions:
* High-B* (start-up)
* Normal LHC optics
* Low pile-up (u)
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Analysis Motivation [ Ldt [pb~!] | Optimal p
Soft Single Diffraction with AFPO+2
do/dt, do/dE, t-Slope vs. &, | Saturation, MC tuning, Cos- 1 u~0.01
dAN7 /dpy vs.t and & mic Ray physics
Single Diffractive jet Production [21]
o, rapidity gap, Jet structure and | gap  survival  probability, 10— 100 u~ 1
pr,event shape (MPI [21]); vs. ¢, | Pomeron structure
E,and B
Single Diffractive jet-gap-jet Production (22, 23, 24]
o, central gap distribution, Jet | observation of a new process, 1 - 100 e~
privs.t, &, and test of BEKL dynamics
Single Diffractive Production of y + jet [25]
o, rapidity gap, Jet structure | observation of a new process, 10 - 100 peel
and pr, Photon py, event shape | mechanism of hard diffrac-
(MPI); vs.t, &, and B tion, gap survival probability,
Pomeron structure
Single Diffractive Z Production
o, rapidity gap, charge- | gap survival  probability, 10 - 100 m~ 1
asymmetry; vs. 7, &, and | Pomeron structure
B
Single Diffractive W Production
o, rapidity gap; vs. £, &, and 3 gap  survival  probability, 10 - 100 u~1

Pomeron structure and flavor
composition




Future perspectives: cross section measurements
with ALFA

e Data already available at 8 TeV at B*=90 m (and *=1000 m)

* Luminosity-dependent analysis in adavanced stage for f*=90 m
* Luminosity measurement already available for both cases.

* Perspectives for Run Il @ 13 TeV

* Consolidation of ALFA detector performed during long shutdown
* RF-protection, Roman-Pots placement

 Elastic and diffractive program at low luminosity foreseen at sqgrt(s) = 13 TeV
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conclusions

* Wide forward physics program performed by ATLAS

* Wide set of cross-section measurements at 7 TeV (total, elastic,
inelastic, diffractive fraction)

* First LHC measurement of inelastic cross-setion at 13 TeV !

* Energy flow in the forward direction
* (Forward Jet production, not described in this talk)

e Results are of high interest for the Cosmic Rays community

* Phsyics program will be extended in Run 2 to higher energy (cross
sections with ALFA at 13 TeV) and to unexplored kinematic regions
and including new processes (AFP)

September 14th 2015 B. Giacobbe, INFN Bologna, Italy
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ATLAS program on pp cross section measurements

95.4+1.4mb INEL = 71.3 + 0.9 mb (74.7%) 24.0 £ 0.6 mb (25.3%)

Gon = w o . (m v (B

. DIFF/INEL= f, =26.9'25_ | % (Oper ~ 19 mb)
ND SD DD DPE

—f " —— —™ o —O
P — P : P p P S [

7] 7] 7] 7]
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Luminosity determination

* Crucial ingredient for normalization (t-spectrum to do,/dt)
e Systematic uncertainty enters (halved) in the overall systematic error

* ATLAS strategy: redundant measurement : 5: ;' _
* different detectors and algorithms (LUCID, BCM, 2 [ ==, weeswo s

Vertex-Counting) f t = = E

e Proved to be winning strategy i +%$ E

both at high and low luminosity . 3 -

5 ATLAS —

*L=78.710.13, 19, ubt o E’ﬁ%‘lﬁﬁ‘ézsfgl“" E

* Systematic uncertainty 2.3% g :

* Dominated by VdM calibration systematics E: Lt o :

+ About twice smaller than CMS-TOTEM Py Ty

* Still dominant contribution I E

4E
10:45 11:42 12:38 13:34 14:30 16:27
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AFP and ALFA complementarity

Normal LHC optics

* Normal LHC Optics (B* = 0.55 m)
e ALFA: limited acceptance in ¢ (0.06-0.12)
* AFP: large acceptance for 0.02 <¢<0.12
over large p; range
* High- * (90 m)
e ALFA spans large &-range down to O (to
measure elastic scattering at small-t)
e AFP: &-acceptance shifted towards larger

values

* Note: ALFA can run only at low-luminosity.
Extensions to AFP program at high lumi

possible.

September 14th 2015
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AFP detectors and status

 Roman pots (replica of TOTEM ones)
 Status: design finalized, order done, first station by October

* Tracking detector: edgeless 3-D Silicon Pixel Tracker (derived from already
working ATLAS IBL technology)

 Crucial is spatial resolution: 10 (30) um in x(y) and radiation hardness
* Measured efficiency >98%
* Will approach to about 4 mm from the beam (depends on optics)

* Time-of-flight required for background rejection only at high p

* 10 ps time-resolution, large coverage and efficiency, segmentation for multi-proton
measurements, trigger-capability, radiation-hard

e Micro-Channel Plate Multi-Anode PMT
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AFP: the physics case with double-proton tag (2 arms)

Analysis Motivation [ Ldt [pb~!] | Optimal p
Soft Central Diffraction with AFP2+2

do/dt >, do/dE o, t-Slope | general understanding of 1 u~ 0.1
vs. &, Mass M and y of the | DPE processes

central diffractive system, ¢

vs. ¢y, dN*/dpr; vs. 112, €12,

M.

Central Diffractive jet Production (DPEjj) [28]; see also Sect. A

do/dty», do/d& ,, t-Slope | gap survival probability for 10 - 100 A~ 1
vs, £, dO'/dp:ft, Mass M and v | DPE  processes, Pomeron

of the central dijet system, ¢; | structure, general understand-

vS. ¢ ing of DPE processes

Jet-gap-jet Production {22, 24|

do/dt 2, do/d& >, do/dM;;, | observation of a new process, 10— 100 u~ 1
central gap distribution, | test of BFKL dynamics

dG/dp"f”, ¢ vS. ¢

¥ + jet Production

o, rapidity gap(s), Jet structurc | observation of a new process, 10— 100 M~ 1

and pr, Photon pr; vs. 112, &2,
and M;

mechanism of hard diffrac-
tion, gap survival probability,
Pomeron structure




ATLAS Publications: cross sections and energy
flow (1)

e Measurement of the Inelastic Proton-Proton Cross-Section at Vs =7
TeV with the ATLAS detector - Nature Commun. 2 (2011) 463

* Measurement of the total cross section from elastic scattering in pp
collisions at sqrt(s) = 7 TeV with the ATLAS detector — Nuclear Physics,
Section B(2014), pp. 486-548

e Rapidity gap cross sections measured with the ATLAS detector in pp
collisions at Vs =7 TeV - Eur. Phys. J. C72 (2012) 1926

* Measurements of the pseudorapidity dependence of the total
transverse energy in proton-proton collisions at Vs = 7 TeV with ATLAS
- JHEP11(2012)033
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http://www.nature.com/ncomms/journal/v2/n9/full/ncomms1472.html
http://www.sciencedirect.com/science/article/pii/S0550321314003253?np=y
http://www.springerlink.com/content/fn552340w360518l/
http://link.springer.com/article/10.1007/JHEP11(2012)033

ATLAS publications: jet production (Il)

* Measurement of dijet production with a veto on additional central jet

activity in pp collisions at Vs=7 TeV using the ATLAS detector - JHEP
1109 (2011) 053

* Measurement of inclusive jet and dijet cross sections in proton-
proton collisions at 7 TeV centre-of-mass energy with the ATLAS
detector - Eur.Phys.J). C71 (2011) 1512
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http://www.springerlink.com/content/g21u5q415x75l54p/
http://www.springerlink.com/content/043w31n6539157v2/

